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1. Introduction 
The approach of this chapter makes the assumption that relationships between levels of 
physical activity and cardiovascular health are complex. The theoretical framework 
considers that physical activity can influence cardiovascular health by itself but can also 
influence health-related fitness, which in turn may be able to influence cardiovascular health 
and the level of habitual physical activity. To add more complexity, all these relationships 
are thought to occur in a reciprocal manner. 
Cardiovascular disease corresponds to a group of disorders occurring in the heart and in the 
blood vessels. The various manifestations of the disease include sudden death, myocardial 
infarction, angina pectoris, stroke (ischemic or hemorrhagic), or peripheral vascular disease. 
The risk factors for the cardiovascular diseases are classified usually considering the positive 
or negative association with the disease and the modifiable or non-modifiable nature. On 
the other hand, the definition of criterions to some risk factors could be dependent of the 
context of prevention – primordial, primary, secondary, tertiary or even quaternary. 
Additionally, it is necessary the plausibility theoretic and biological, and the reversibility of 
the effect by the reduction or suspension of the risk factor. Modifiable risk factors like 
dyslipidemia, hypertension, diabetes, excess of adipose tissue, pro-coagulant state, pro-
inflammatory state, ignorance, sedentariness or low fitness play alone or, more frequently, 
in conjunction with each others, augmenting exponentially the risk of disease. 
White Paper on Sport (CEC, 2007) was released by the European Union (EU) to give 
strategic orientation on the role of sport in Europe. The document use the definition of 
"sport" established by the Council of Europe: "all forms of physical activity which, through 
casual or organized participation, aim at expressing or improving physical fitness and 
mental well-being, forming social relationships or obtaining results in competition at all 
levels." With the ratification of the Lisbon Treaty in late 2009, sport was assumed as 
contributing to the EU strategic objectives of solidarity and prosperity. This follows the 
Olympic ideal, born in Europe, of developing sport to promote peace and understanding 
among nations and cultures as well as the education of young people. Member States are 
encouraged to implement evidence-based policies in order to improve their provision of 
sporting facilities and opportunities. This means that for the first time the EU is actively 
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aiming to promote sport and physical activity at the policy level – not only with a view to 
improving physical wellbeing and health across the EU, which is the main focus of this 
chapter, but also to enhance the role of sport in boosting social cohesion and its educational 
value. This chapter will explore the relationship of cardiovascular health with sport, as the 
European understanding, or physical activity in the North American understanding. 
Physical activity concept, physical activity epidemiology and cardiovascular health, physical 
activity guidelines, prevalence of sedentariness in Europe and USA, physical activity and 
life expectancy, and pro-inflammatory state and physical activity are topics explored in this 
chapter. 
2. Physical activity  
Physical activity comprises any body movement produced by the skeletal muscles that 
results in a substantial increase over the resting energy expenditure (Bouchard & Shephard, 
1994). Included in this large umbrella is considered the leisure-time physical activity 
(LTPA), daily physical activities, intentionally practiced exercise (frequency, intensity, type, 
time) and sport, or occupational work, together with other physical expressions that modify 
the total energy expenditure. Within the concept of physical activity, physical exercise is a 
narrow concept, usually defined as planned and repeated movements intending to maintain 
or to improve one or more components of the health-related fitness or of the performance-
related fitness. Physical activity has been understood as a behavior that could also change 
health-related or performance-related fitness. However, it is also taken in account as a 
determinant behavior to health and functionality. When one is talking about the potential 
benefits on health, obviously, all determinants of human energy expenditure should be 
under careful consideration. Contrarily, sedentariness refers that people remain sitting 
much of the labor and leisure times.  
There are a lot of methods to characterize and measure the behavior physical activity 
including calorimetry (direct and indirect), physiologic markers (heart rate or maximal 
oxygen uptake) mechanical and electronic devices (pedometers and accelerometers), the 
observation of behaviors, or the caloric intake (Welk, 2002). Independently of the selected 
method, the investigator should consider the complex nature of the behavior physical 
activity and the errors derived from the method usually used with largest number of 
participants – the self-reported questionnaires. The use of questionnaires imply low costs 
but sometimes introduces considerable error because, for instance, could exist social 
tendency to associate physical activity to sport participation. It means that it is desirable to 
use direct methods as pedometers or accelerometers. Pedometers count the number of steps 
but are not able to distinguish different levels of activity. This limitation is overcome by the 
accelerometry, and the last National Health and Nutrition Examination Survey (NHANES) 
realized in 2003-2004 evaluated physical activity of around 4867 American citizens with 
accelerometry (Troiano et al., 2008).  
3. Prevalence of sedentariness 
A national representative study of Portuguese people has measured directly physical 
activity by accelerometry (Baptista et al., 2011). Volunteered to participate 5231 adolescents 
(10-17 years-old; 1456 males; 1755 females), adults (18-64 years-old; 441 males; 803 females), 
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and older adults (65+ years-old; 303 males; 473 females). All participants were measured 
during four days (two week days and two weekend days). The cut-off points for moderate 
intensity were 3-5,9 METs (adults and older adults) and 4-6,9 METs (adolescents), and for 
vigorous intensity were 6+ METs (adults and older adults) and 7+ METs (adolescents). 
Adolescents with less than 60 minutes/day of moderate/vigorous physical activity on 5 
days/week, and adults or older adults with less than 30 minutes/day on 5 days/week were 
classified as ‘insufficiently active’. 
 
Source: Baptista et al., 2011. 
Fig. 1. Prevalence of ‘insufficiently active’ Portuguese people measured by accelerometry. 
As illustrated by Figure 1, the prevalence of insufficiently active people was particularly 
high in the adolescents (80%) but also in the older adults (65%). The adult people (18-64 
years old) attained only 32%, which represents the group with higher volume of 
moderate/vigorous weekly physical activity. The prevalence of insufficiently active in all 
the people evaluated was 67%. Males are more active than females, in each one of the three 
groups, with higher difference (21%) among adolescents and lower difference among adults 
(13%). One can speculate that the indirect methods like self-reported questionnaires tend to 
overestimate physical activity when compared with a direct measure (accelerometry), as 
seems to result when one compares these overall data (67%) with data provided from 
Eurobarometer 2003 (30%) and Eurobarometer 2010 (52%) on Figure 2. However, the high 
prevalence of insufficiently active, particularly in adolescents and older adults, claim for the 
adoption of specific strategies to change these sedentary behaviors.  
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USA data is No Leisure-Time Physical Activity in 2003, and 2008. 
http://www.cdc.gov/nccdphp/dnpa/physical/stats/leisure_time.htm. Extracted on 24/Oct/2011. 
Fig. 2. Prevalence of the sedentariness in some EU Member States measured by self-reported 
questionnaires.  
Data from the 2003 Eurobarometer (EC, 2003) are presented in Figure 2. Sedentary people are 
those not meeting the threshold for low activity. Cut-off points for low physical activity 
participation were 30 minutes of walking or moderate-intensity activity on at least 5 
days/week, or 20 minutes of vigorous-intensity activity on at least 3 days/week. Participated 
people from each one of the EU Member States with 15+ years-old (N=16230), randomly 
sampling with probability proportional to population size (for a total coverage of the country) 
and to population density (metropolitan, urban, and rural areas). It was used the International 
Physical Activity Questionnaire (IPAQ) to characterize physical activity in a face-to-face 
interview in people’s home and in the appropriate national language. Frequency of 5+ 
days/week of moderate intensity physical activity was not achieved by 72% of EU Member 
States citizens (equal for women and men) while 74% did not achieve 3+ days/week of 
vigorous intensity physical activity (81% on women, and 68% on men). Prevalence of people 
who do not practiced 3+ days/week of vigorous intensity increases with age from 66% (15-25 
years) to 69% (26-44 years), to 76% (45-64 years), and to 89% (65+ years). Prevalence of people 
not engaged on 5+ days/week of moderate intensity also increases with age: 70% (15-25 
years), 70% (26-44 years), 72% (45-64 years), and 79% (65+ years). 
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The 2010 Eurobarometer (EC, 2010) analyzed people with 15+ years-old of 27 EU Member 
States (N=26788), with a different self-reported questionnaire than IPAQ, and revealed a 
prevalence of 27% for people saying they engage in physical activity regularly at least 5 
times/week, while 38% answered that exercising with some regularity (1-4 times/week) 
(Figure 2). The other 35% EU citizens never engage in any physical activity or engage below 
the desirable level (1-3 times/month). By analyzing data from some EU Member States it is 
possible to observe clear discrepancies in the values from 2003 to 2010. These discrepancies 
maybe is reflecting partially the utilization of different instruments with different self-
reported answers. Sedentariness was considered in Eurobarometer 2010 to the people that 
engage only 1-2 times/month or even less in physical activities. With these cut-off points, 
sedentariness was respectively in 2003 and 2010: Portugal - 30% and 52%; France - 43% and 
25%; Germany – 24% and 22%; UK – 37% and 27%; Netherlands – 19% and 16%; All EU – 
31% and 35%. 
 
Source: Church et al., 2011. 
Fig. 3. Trends in the prevalence of sedentary, light and moderate intensity occupations from 
1960 to 2008.  
Troiano and colleagues (2008) have described physical activity levels of children (6-11 years 
old), adolescents (12-19 years old), and adults (20+ years old), using objective data obtained 
with accelerometers from a representative sample of the U.S. population. The results were 
attained from the 2003-2004 National Health and Nutritional Examination Survey 
(NHANES), a cross-sectional study of a complex, multistage probability sample of the 
civilian, noninstitutionalized population. Data are described from 6329 participants who 
provided at least 1 day of accelerometer data and from 4867 participants who provided 4+ 
days of accelerometer data. Males were more physically active than females. Authors 
observed that physical activity declines dramatically across age groups between childhood 
(42% obtained the recommended 60 minutes/day) and adolescence (8% achieve 60 
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minutes/day) and continues to decline in adults (less than 5% attained 30 minutes/day). 
Objective and subjective measures of physical activity gave qualitatively similar results 
regarding gender and age patterns of activity. However, adherence to physical activity 
recommendations according to accelerometer-measured activity is substantially lower than 
according to self-reported questionnaire. Occupational work is also an important expression 
of physical activity contributing to energy expenditure and to the energy balance.  
 
Source: Church et al., 2011. 
Fig. 4. Predicted mean U.S. body weight based on change in occupation related daily energy 
expenditure since 1960 compared to mean U.S. weight gain based on the NHANES 
examination periods for 40–50 year old.  
Trends in occupational physical activity during the past 5 decades (Figure 3), and the 
concurrent changes in body weight in the U.S. were explored by Church and colleagues 
(2011). Authors observed that in 1960 almost half the jobs (48%) in private industry in the 
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U.S. required at least moderate intensity physical activity whereas in 2008 less than 20% 
demand this level of energy expenditure. While there has been a steady increase in the 
prevalence of sedentary and light intensity physical activity occupations since 1960, the 
prevalence of moderate intensity physical activity occupations has decreased. At the same 
period (1960-2008) there was a drop in occupation-related daily energy expenditure of about 
142 calories for men and 124 calories for women. Authors estimate that the decrease of 142 
calories in men would result in an increase in mean weight from 76.9 kg (1960-62) to 89.7 kg 
(2003-06), with the results having similar pattern for women (Figure 4). 
Over the last 50 years the prevalence of Americans in the labor force has increased 
approximately 40% to 50%, with women assuming a growing prevalence in the work force 
from 43% in 1970 to 60% in 2007. This fact helps to explain the decrease in the pattern of 
occupation-related energy expenditure (Lee & Mather, 2008). Given this, it is unlikely a return 
to occupations demanding moderate levels of physical activity, which addresses further strong 
evidence of the public health importance of promoting physically active lifestyles outside of 
the work day. The reduction of 124 (women) and 142 calories (men) per day in occupation-
related energy expenditure over the last 50 years would have been adequately compensated 
for by meeting the 2008 Physical Activity Guidelines of 150 minutes/week of moderate 
intensity activity or 75 minutes/week of vigorous intensity activity (USDHHS, 2011). While it 
is often noted that the prevalence of Americans who achieve this recommendation has been 
constant over recent decades, the fact remains that based on self-report data only 25% adults 
achieve this level (CDC, 2008), but when physical activity is assessed with accelerometers the 
number of adult people achieving the recommendations drops dramatically to less than 5% 
(Troiano et al., 2008). Therefore, since energy expenditure of the labor activities has largely 
been removed, the relative importance of LTPA has increased and should be considered as a 
major focus of public health interventions and research. 
Brownson and colleagues (2005) developed a revision to describe current patterns and long-
term trends (up to 50 years when possible) related to (i) physical activity, (ii) employment 
and occupation, (iii) travel behavior, (iv) land use, and (v) related behaviors (e.g., television 
watching). Available data allows the following trends: relatively stable or slightly increasing 
levels of LTPA, declining work-related activity, declining transportation activity, declining 
activity in the home, and increasing sedentary activity. These reflect an overall trend of 
declining total physical activity, with large differences noted in the rates of walking for 
transportation across metropolitan areas, and a strong linear increase in vehicle miles 
traveled per person, coupled with a strong and consistent trend toward people living in 
suburbs. Authors concluded that although difficult to quantify, it appears that a 
combination of changes to the built environment and increases in the proportion of the 
population engaging in sedentary activities put the majority of the population at high risk of 
physical inactivity. 
4. Physical activity guidelines 
Vigorous activity was centrally considered to health promotion until 1995 when 
recommendations of the Center for Disease Control (CDC) and the American College of 
Sports Medicine (ACSM) pointed out for adults to accumulate at least 30 minutes of 
moderate-intensity physical activity on most days of the week (Pate et al., 1995). These 
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recommendations were described in the 1996 U.S. Surgeon General’s Report on Physical 
Activity and Health (USDHHS, 1996), and served as cornerstone for the Healthy People 
2010 (HP 2010) goals on physical activity (USDHHS, 2000), inspiring public policies and 
programs over the next years. The HP 2010 objectives stated that adults should engage in 
vigorous LTPA (60-84%VO2Res or %HRRes; 77-93%HRmax; >60%VO2max; >6 METs) for at least 
20 minutes, at least 3 times/week, or moderate LTPA (40-59%VO2Res or %HRRes; 64-
76%HRmax; 40-60%VO2max; 3-6 METs) for at least 30 minutes, at least 5 times/week. 
For the purposes of HP 2010, lesser amounts of vigorous and moderate activities could not be 
combined. In 2007, the CDC/ACSM recommendations published in 1995 were updated and 
clarifıed, emphasizing the potential health benefıts of combinations of moderate and vigorous-
intensity activities and of strengthening activities (Haskell et al., 2007). Meantime, the Healthy 
People 2020 (HP 2020) goals on physical activity were released (USDHHS, 2010) introducing 
some modifications, and establishing and encouraging to increase the prevalence of 
“suffıciently active” adults engaging in moderate-intensity aerobic physical activity of at least 
150 minutes/week or vigorous-intensity aerobic activity of at least 75 minutes/week or an 
equivalent combination. The HP 2020 also pursue to increase the prevalence of “highly active” 
adults engaging in aerobic physical activity of at least moderate intensity for more than 300 
minutes/week or more than 150 minutes/week of vigorous intensity or an equivalent 
combination. And, finally, to increase the prevalence of adults who perform muscle-
strengthening activities on 2 or more days/week of 7 large muscle groups. 
5. Physical activity and life expectancy 
Mortality differentials by level and intensity of physical activity have been documented, 
with Lollgen and colleagues (2009) obtaining significant association of lower all-cause 
mortality for active individuals comparing with sedentary persons. Highly active men had a 
22% lower risk of all-cause mortality (RR=0.78; 95% CI: 0.72 to 0.84), and women had 31% 
(RR=0.69; 95% CI: 0.53 to 0.90) comparing to mildly active men and women, respectively. 
The authors also found a similar and significant association of activity to all-cause mortality 
in older participants.  
Schoenborn and Stommel (2011) studying the benefits of accomplish the 2008 Physical 
Activity Guidelines for Adults (USDHHS, 2011), which are similar to the HP 2020 goals, 
achieved 27% lower risk of all-cause mortality among people without existing chronic 
comorbidities, and by almost half among people with chronic comorbidities (such as heart 
disease, stroke, diabetes, cancer, respiratory conditions, or any functional limitation), 
regardless of age and obesity levels. Assuming several limitations present on causal 
interpretations, when examining for interactions of physical activity with smoking and 
alcohol consumption, data suggest that relative survival benefıts associated with physical 
activity are largest among current smokers and light-moderate drinkers. 
Figure 5 shows the survival curves associated with four types of adherence to the 2008 
Guidelines for all adults: meeting both the aerobic and muscle-strengthening guidelines, the 
aerobic only, the muscle-strengthening only, and neither of the minimum recommendations. 
This figure suggests that meeting the 2008 Guidelines is associated with survival benefıts, 
with stronger benefits for both the aerobic and muscle-strengthening exercises; also suggests 
that aerobic activity alone promotes stronger benefıts than muscle strengthening alone. 
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Note: U.S. adults aged ≥ 18 years (weighted); respondents not linked to death records were considered 
“censored”, meaning they were presumed to be alive as of December 31, 2006. NHIS, National Health 
Interviews Survey, 1997-2004. 
Adapted from Schoenborn and Stommel (2011) 
Fig. 5. Survival probabilities by levels of adherence to 2008 Physical Activity Guidelines.  
Figure 6 illustrates that higher volumes of aerobic exercise are associated with higher 
increase in survival probabilities. Those who engage in none aerobic leisure-time activity 
attained lower survival probability while people that engaged in more than 300 
minutes/week have the higher survival probability. In other words, it means that additional 
survival benefıts can be achieved with higher levels of aerobic leisure-time activity. 
6. Epidemiology of physical activity and cardiovascular health 
Epidemiology has been defined as “the study of the distribution and determinants of health-
related states or events in specified populations, and the application of this study to the 
prevention and control of health problems” (Last, 2001). When this definition considers 
‘health-related states or events’ instead of the former ‘disease frequency’ is having in 
account the contemporary definition of health that considers positive health states, as a good 
quality of life, or well succeeded aging, and not only the absence of disease. The word 
‘epidemiology’ is derived from the Greek words: epi “upon”, demos “people”, and logos 
“study”. In fact, epidemiology origin based on Hippocrates observation, made more than 
2000 years ago, that environmental factors could be determinant for the occurrence of a 
disease. However, it was only in second half of the XIX century when the first truly 
epidemiologic investigations appeared (Bonita et al., 2006).  
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Note: U.S. adults aged ≥ 18 years (weighted); respondents not linked to death records were considered 
“censored”, meaning they were presumed to be alive as of December 31, 2006. NHIS, National Health 
Interviews Survey, 1997-2004. 
Adapted from Schoenborn and Stommel (2011). 
Fig. 6. Survival probabilities by levels of adherence to 2008 aerobic physical activity 
guidelines.  
Physical activity and the relationship with cardiovascular health was firstly studied in an 
epidemiologic basis by Morris and colleagues (1953a,b). Works were conducted to 
understand how both vocational and LTPA relate to fitness and risk of coronary heart 
disease (CHD). Authors studied London transit workers, and other occupations as postal 
service employees and civil servants. Initially they found bus conductors on London’s 
double-decker omnibuses to be at lower risk than bus drivers; what disease the conductors 
did develop was less severe, and they were more likely to survive an attack. The conductors, 
who walked up and down stairs in a daily basis, often for decades, experienced roughly half 
the number of heart attacks and sudden death as the drivers. After that, Morris and 
colleagues (1990) studied a random sample of 3591 British civil servants during a follow-up 
of 8-year period ending in 1977, during which time 268 men died. Subjects were classified as 
having engaged in vigorous activities (>6 METs), or not. Of the subjects 22% reported some 
kind of vigorous exercise and their death rate was 4,2%. The remaining 78% reported no 
vigorous exercise and their mortality rate was 8,2%, i.e., twice as high. This differential in 
death rates persisted when controlling for age, smoking, obesity and successive intervals of 
follow up. 
Several other populations have been studied for physical activity and physiological fitness 
in relation to health and specifically cardiovascular health (USDHHS, 1996). One of the most 
remarkable studies was conducted with 17549 men who entered Harvard College between 
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1916 and 1950 (Paffenbarger et al., 1978), and when aged 55–84 years responded to a 
questionnaire on their personal characteristics, health status and lifestyle habits like current 
and former physical activity, as participation in student sport whilst at university. These 
patterns have been related to cardiovascular disease mortality over a 16-year follow-up 
period (1962 to 1978), during which 1413 men died (Paffenbarger et al., 1986a,b).  
Among Harvard alumni there were strong significant inverse associations between death 
rates and levels of each of the following physical activity: walking, stair climbing, sports 
play and combinations of these activities, measured in kJ/week. Gradients of benefit from 
more active lifestyles were consistent throughout, and maintained after controlling for age, 
smoking, hypertension and obesity. As compared with the one-third of least active men, the 
middle third experienced a 23 % reduction in death rate during follow-up and the one-third 
of most active men, a 32 % reduction. Light activities (<4METs), moderate activities (4–
5METs), and vigorous activities (>6METs) each predicted lower death rates. Physical 
activity related inversely to total mortality, primarily to death due to cardiovascular or 
respiratory causes. Death rates declined steadily as energy expended on such activities 
increased from less than 500kcal/week to 3500kcal/week, beyond which rates increased 
slightly. This relationship was independent of the presence or absence of hypertension, 
cigarette smoking, extremes or gains in body weight, or early parental death (Figure 7). 
 
Source: Paffenbarger et al., 1986a. 
Notes: Participated 16936 men. A total of 1413 alumni died during 12 to 16 years of follow-up (1962-
1978). Exercise reported as walking, stair climbing, sports play, and combinations of these activities. 
Fig. 7. Inverse association between weekly energy expenditure and RR of all-cause 
mortality.  
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Those men were studied for the effect on all-cause mortality from changing physical activity 
habits. Men who had increased or decreased their activity by less than 250kcal/week 
between the 1960s and 1977 were considered in an ‘unchanged’ category. Compared with 
their death rates, gradient reductions in mortality were observed with increased levels of 
physical activity, and gradient increases in mortality with decreased levels of activity. At the 
extremes of this gradient, men who had increased their energy expenditure by 
1250kcal/week had a 20% lower risk of death than men in the unchanged category; men 
who decreased their activity by 1250kcal/week had a 26% higher risk (Paffenbarger et al., 
1993, 1994). 
Vigorous activity should be encouraged. Not only because in today’s world, where time is a 
precious commodity, a short period of vigorous exercise expends as much energy as does 
moderate activity carried out for two or three times as long (Figures 8 and 9), but also 
because the kind of stimulation over tissues and systems could be more benefic to 
compensate lost, asymptomatic in an initial stage, that tends to occur with aging. 
 
Fig. 8. Duration (min) of daily walking sessions, with moderate intensity (velocity of 
80m/min; 3,3METs), for people with different body masses, to gain cardiovascular health 
(500kcal/week: RR=1,00; 2000kcal/week: RR≈0,62; 3499kcal/week: RR≈0,46).  
Figure 8 illustrates time spent with walking at moderate intensity (velocity of 80m/min, or 
4,8km/h) by people of different body masses, within the range 500-3499kcal/week 
(Paffenbarger et al., 1986a). A person weighting 75kg will needs to walk 116 minutes per 
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each one of the 7 days of the week to maximize the potential benefits of physical activity on 
cardiovascular health, i.e. to spend 3499kcal/week (RR=0,46). In other words, and taking in 
account the work of Paffenbarger and colleagues (1986a) illustrated by the Figure 1, a person 
of 75kg will obtain progressive cardiovascular gain from 17 minutes of horizontal walking 
(RR=1,0) to 116 minutes of daily horizontal walking (RR=0,46). However, if that same 
person of 75kg of body mass decides to exercise at vigorous intensity (Figure 9), 40 minutes 
of horizontal running at 150m/min (9km/h) will be enough to maximize the potential gains 
on cardiovascular health.  
 
Fig. 9. Duration (min) of daily running sessions, with vigorous intensity (velocity of 
150m/min; 9,6METs), for people with different body masses, to gain cardiovascular health 
(500kcal/week: RR=1,00; 2000kcal/week: RR≈0,62; 3499kcal/week: RR≈0,46). 
7. Pro-inflammatory state and physical activity 
Inflammation has emerged some years ago as a key pathophysiological event in vascular 
diseases and the consequent cardiovascular and cerebral injury. Inflammation is a 
complex process involving multiple cellular and molecular components, and is triggered 
by different pro-inflammatory mediators generated directly and indirectly by microbial 
invasion, endotoxins, immune complexes, and cytokines. Vascular endothelium is 
subjected to pro-inflammatory insults but fortunately is awarded with strong anti-
inflammatory molecules that confer resistance to damage by transient pro-inflammatory 
attacks.  
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Inflammation is a natural response to infection or damage that intends to destroy or to 
inactivate the foreign agents permitting tissues repairing. Inflammation could be a local or 
systemic response, and the key mediators are the cells that act as phagocytes, with the most 
important being neutrophils, macrophages, and macrophages-like cells. The sequence of 
local events in a typical nonspecific inflammatory response includes: (i) vasodilatation of the 
microcirculation in the infected area, leading to increased blood flow; (ii) large increase in 
protein permeability of the capillaries and venules in the infected area, with resulting 
diffusion of protein and filtration of fluid into the interstitial fluid; (iii) chemotaxis: 
movement of leukocytes from the venules into the interstitial fluid of the infected area; (iv) 
destruction of bacteria in the tissue either through phagocytosis or by other mechanisms; (v) 
tissue repair (Widmaier et al., 2011). The events of inflammation, such as vasodilation, are 
induced and regulated by several chemical mediators including kinins, complement, 
products of blood clotting, histamine, eicosanoids, platelet-activating factors, cytokines, 
nitric oxide, C-reactive protein (CRP). CRP is an acute phase protein produced by the liver, 
always found at some concentration in the plasma, and act to minimize the extent of local 
tissue damage. CRP can bind nonspecifically to carbohydrates or lipids in the cell wall of 
microbes and facilitate opsonization to enhance phagocytosis. 
 
 
Source: OECD Health Data 2011. Extracted on 25 Oct 2011 from: 
http://stats.oecd.org/Index.aspx?DataSetCode=HEALTH_LVNG  
Notes: Data of Portugal are self-reported, in 1999 and 2006; data of France are self-reported, in 1990, 
2000 and 2008; data of Germany are self-reported, in 1999 and 2009; data of UK are measured in 1991, 
2000 and 2009; data of Netherlands are self-reported, in 1990, 2000 and 2009; data of USA are measured 
in 1991, 2000 and 2008. 
Fig. 10. Decennial evolution of obesity (BMI ≥ 30kg/m2) in % of total population. 
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There is scientific evidence indicating to atherosclerosis as an inflammatory disease (De 
Haro et al., 2008; Hamer & Stamatakis, 2008; Virani et al., 2008). In fact, some of the most 
prevalent risk factors for cardiovascular diseases have been shown to have a pro-
inflammatory action including hypertension (Imatoh et al., 2007; Hamer & Stamatakis, 
2008), diabetes (Porrini et al., 2007; Hwang et al., 2008), dyslipidemia (Kim et al., 2007), and 
overweight or obesity (Hamer & Stamatakis, 2008; Piestrzeniewicz et al., 2008). As high-
sensitivity C-reactive protein (hs-CRP) is a sensitive marker of inflammation, it has been 
pointed as the golden marker of inflammation, with Berk and colleagues (1990) establishing 
for the first time a positive association between hs-CRP and angina pectoris. Other authors 
have also found positive association of the hs-CRP with risk of vascular disease (Koenig et 
al., 1999; Kuller et al., 1996; Ridker et al., 1998a; Ridker et al., 2002; Ridker et al., 2003). Since 
then, various investigations have concentrated on the effects of physical activity on hs-CRP 
(Church et al., 2002; Martins et al., 2010a; Martins et al., 2010b; Mora et al., 2006; 
Wannamethee et al., 2002). 
Figure 10 illustrates decennial evolution of obesity, self-reported or measured, in different 
countries of Europe and North America. United States of America and United Kingdom 
attained higher values of obesity (BMI ≥ 30kg/m2) prevalence, according to the 
Organization for Economic Co-Operation and Development (OECD) 2011 health data, with 
34% and 23% in 2009, respectively. The importance of this risk factor in this context is 
related with pro-inflammation action, as referred above. One would yet speculate that self-
reported data by people in Portugal, France, Germany, and Netherlands are below to the 
real prevalence, which addresses for a rise of prevalence of obesity in these countries to 
values close to the measured ones in the USA and UK. 
 
 Before After 
Body weight (kg) 
Waist circumference (cm) 
Body mass index (kg/m2) 
Blood pressure (mm Hg) 
Systolic 
Diastolic 
Triglycerides (mmol/l) 
Total cholesterol (mmol/l) 
HDL-cholesterol (mmol/l) 
LDL-cholesterol (mmol/l) 
Total Cholesterol/HDL-cholesterol 
hs-CRP (mg/l) 
6-minute walk distance (m) 
73 (11) 
94 (10) 
30.6 (5.0) 
 
149 (21) 
77 (10) 
1.35 (0.58) 
5.64 (0.86) 
1.31 (0.25) 
2.36 (0.77) 
4.40 (0.92) 
5.4 (3.9) 
387 (76) 
72 (11)* 
91 (10)** 
30.3 (4.9)* 
 
150 (19) 
74 (9)* 
1.20 (0.54)* 
5.29 (1.03)* 
1.37 (0.32)* 
2.05 (0.86)** 
4.02 (0.81)** 
4.0 (2.0)* 
437 (83)** 
Values are mean (SD). *p<0.05, **p<0.01 compared with before. 
Source: Martins RA et al., (2010b).  
Table 1. Exercising group. 
Measurement of cholesterol by itself do not allow the recognition of about of the individuals 
who will present later with myocardial infarctions (Rifai & Ridker, 2001), and a number of 
studies (Ridker et al., 1998b; Ridker et al., 2001; Ridker et al., 2002; Onat et al., 2001; Torres & 
Ridker, 2003) reinforce the idea that introducing markers of inflammation in the models of 
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diagnosis, beyond the lipid profile, result in more accuracy to predict atherogenic events, 
comparing with lipid-based models only. High serum levels of CRP have also been found 
not only in patients with elevated blood pressure but also in those with congestive heart 
failure (Barbieri et al., 2003; Torre-Amione, 2005), type 2 diabetes, metabolic syndrome and 
obesity (Das, 2001; Pradham et al., 2001; Ridker et al., 2003). Therefore, factors that may 
impact negatively hs-CRP levels, like physical activity, should be further studied, 
particularly in populations at increased risk of the above diseases.  
 
 Before After 
Body weight (kg) 
Waist circumference (cm) 
Body mass index (kg/m2) 
Blood pressure (mm Hg) 
Systolic 
Diastolic 
Triglycerides (mmol/l) 
Total cholesterol (mmol/l) 
HDL-cholesterol (mmol/l) 
LDL-cholesterol (mmol/l) 
Total Cholesterol/HDL-cholesterol 
hs-CRP (mg/l) 
6-minute walk distance (m) 
71 (12) 
93 (10) 
29.0 (4.4) 
 
146 (20) 
76 (9) 
1.10 (0.35) 
5.14 (0.94) 
1.33 (0.28) 
2.39 (0.86) 
3.99 (0.98) 
5.5 (3.5) 
342 (126) 
70 (13) 
91 (10)** 
28.8 (4.7) 
 
142 (24) 
75 (13) 
1.15 (0.35) 
5.27 (1.02) 
1.32 (0.29) 
2.27 (0.61) 
4.07 (0.83) 
5.1 (2.3) 
343 (170) 
Values are mean (SD). *p<0.05, **p<0.01 compared with before. 
Source: Martins RA et al., (2010b).  
Table 2. Control group. 
Inflammatory processes have been positively associated with aging (Pedersen et al., 2003), 
with studies suggesting that physical activity would benefit atherosclerotic disease, at least 
partially, by reducing the inflammatory level (Wannamethee et al., 2002; Reuben et al., 
2003). Serum CRP levels has been negatively associated with physical activity or physical 
fitness, but also with BMI and other adiposity measures (Church et al., 2002; Wannamethee 
et al., 2002; Mora et al., 2006; Martins et al., 2010b). These studies suggest that regular 
physical exercise might lower CRP levels, acting as an anti-inflammatory agent, by the 
effects over adipose tissue and/or by the effects on the muscle mass.  
Martins and colleagues (2010b) present results (Table 1) showing beneficial effects of two 
exercising programs (i.e., aerobic and strength-based) in older adults with significant 
differences on body weight (-1%), waist circumference (-3%), BMI (-1%), diastolic blood 
pressure (-4%), triglycerides (-11%), total cholesterol (-6%), HDL-cholesterol (5%), LDL-
cholesterol (-13%), total cholesterol/HDL-cholesterol relationship (-9%), hs-CRP (-26%), and 6-
minute walk distance (13%), while the control group (Table 2) only had significant differences 
on waist circumference (-2%). At baseline, BMI correlated with total cholesterol (r=0.35, 
p=0.007), triglycerides (r=0.38, p=0.004), and hs-CRP (r=0.46, p=0.001). Waist circumference 
correlated with total cholesterol (r=0.30, p=0.022), triglycerides (r=0.35, p=0.010), hs-CRP 
(r=0.38, p=0.010), and total cholesterol/HDL-cholesterol (r=0.38, p=0.005). Finally, body 
weight also correlated with total cholesterol (r=0.33, p=0.011), triglycerides (r=0.27, p=0.044), 
hs-CRP (r=0.40, p=0.006), and total cholesterol/HDL-cholesterol (r=0.33, p=0.016). 
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Studies examining the effects on cardiovascular health by endurance and strength training 
have generally found either positive changes in lipid profile or no changes at all. More 
pronounced dyslipidemia at baseline has been pointed has having more favorable changes 
after training (Laaksonen et al., 2000), mediated by the reduction of body fat (Leon & 
Sanchez, 2001). On the other hand, older people are known to be under the effects of 
sarcopenia, which is characterized by loss of skeletal muscle mass and strength weakness. 
Sarcopenia has been associated not only with functional fitness impairment (Reid et al., 
2008) but also with systemic inflammation (Visser et al., 2002). Resistance training (Marini et 
al., 2008) has been suggested to be an effective way to prevent the adverse outcomes of 
sarcopenia whereas the effects of aerobic training are not as clear.  
The mechanisms underlying the positive effects of the physical activity on inflammation 
remain under discussion, being considered the hypothesis of reduction of body fat, and/or 
the increase of muscle mass. Some have hypothesized about changes in circulating 
inflammatory cytokine levels alter hs-CRP hepatic production. Reductions of serum IL-18, 
IL-6 and CRP have been reported after 10 months of aerobic exercise but not after 
flexibility/resistance exercise (Kohut et al., 2006). However, others failed to obtain exercise-
induced effects in plasmatic inflammatory cytokines, including IL-6, TNF-ǂ and IL-1ǃ after 
12 weeks of combined aerobic/resistance and flexibility training (Stewart et al., 2007). 
Additionally, TNF-ǂ may contribute directly to sarcopenia once can disrupt the 
differentiation process in cultured muscle cells and promotes catabolism in mature muscle 
cells. Muscle mass is a primary site for glucose and triglyceride disposal (Dinneen et al., 
1992) and the major determinant of metabolic rate (Zurlo et al., 1994). Age-related muscle 
loss may contribute to insulin resistance, dyslipidemia and increased adiposity. IL-6 protein 
is expressed in contracting muscle fibers and released from skeletal muscle during exercise 
whereas this is not the case for TNF-ǂ (Steensberg et al., 2002). IL-6 is able to inhibit TNF-ǂ, 
and IL-1 production stimulates the production of IL-1ra and IL-10 and the release of soluble 
TNF-receptors (Steensberg et al., 2003). In synthesis, a chronic training-induced reduction on 
hs-CRP concentrations in older adults is supported by various studies having as key factors 
increase in muscular mass and reduction in body fat. 
8. Summary 
Exercise and physical activity, or a wide concept of sport as defined by the Council of 
Europe, are cornerstones to act at different levels of prevention for cardiovascular health. 
Physical activity comprises any voluntary movement that substantially increases oxygen 
uptake above the resting level. Prevalence of sedentariness should be considered as a key 
point for public health initiatives across all ages, with particular emphasis in older adults 
because not only they have the higher prevalence of inactivity, but also the higher costs of 
health services. On the other side, energy expenditure related with occupational work has 
been diminishing, which addresses more importance to the leisure-time physical activity to 
the energy balance. Physical activity and cardiovascular fitness, i.e. oxygen uptake capacity, 
are both risk factors for cardiovascular health. Sometimes, questions arise about the most 
appropriate kind of exercise to burn energy and enhance oxygen uptake. However, the 
question seems to be easily answered since all fuel used in the body is ultimately processed 
by the aerobic energy pathways. This means that we can use the amount of oxygen 
consumed during the activity to calculate caloric burn. The impact of physical activity on fat 
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mass is a sensitive point, and the question about the most appropriate intensity to burn fat 
also arises occasionally. Again, the answer seems to be very easy. Each individual should 
practice with the higher possible intensity, according to their risk stratification. The time 
necessary to reach the same level of energy expenditure is about one third when comparing 
vigorous intensity with moderate intensity, addressing for the lack of importance to discuss 
about the right zone to burn fat. Moreover, it is very well known that after about 2 minutes 
of exercising at high intensity the aerobic pathway (using fat free acids as fuel) becomes 
predominant over glycolytic pathway. Recent risk factors, as inflammation, have been 
considered. Again, exercise seems to be very promising in reducing the inflammatory 
processes, with the actual discussion centered on the acute and chronic effects of different 
modes of exercise, and on the underlying mechanisms. 
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